ABSTRACT Although concealed conduction in the atrioventricular node (AVN) 
CONCEALED CONDUCTION in the atrioventricular node (AVN) is an electrophysiologic phenomenon that has continued to stimulate considerable experimental and clinical investigation ever since its classic demonstration 60 years ago.'-" Among the various manifestations of intranodal concealment of impulses, the effects of retrograde concealment in the AVN on subsequent anterograde conduction have been of special interest to both electrocardiographers and physiologists. From the data available it is apparent that the consequences of retrograde concealed conduction on subsequent anterograde impulse propagation may vary depending on whether (1) the AVN is penetrated by an isolated retrograde impulse or (2) the invading retrograde impulse is associated with concomitant anterograde intranodal penetration, resulting in dual AVN excitation. Both particular settings of concealed retrograde conduction have been extensively investigated.2 4-11I 13 To our knowledge, however, there exists no study in animals or human beings that systematically compares within the same subject the AVN effects of concealed retrograde conduction caused by a solitary blocked impulse with the effects of dual excitation. This investigation was undertaken specifically to address this issue as well as to explore in detail the actual magnitude of alteration in anterograde AVN conduction and refractoriness engendered by a retrogradely blocked impulse. Our electrophysiologic analysis was accom-PATHOPHYSIOLOGY AND NATURAL HISTORY-ARRHYTHMIA plished with pacing protocols that permitted direct comparison of the effects of identically timed solitary vs simultaneous anterograde and (concealed) retrograde impulses on subsequent anterograde AVN conduction. We report new findings in this interesting area of human cardiac physiology and attempt to provide a unifying explanation for the observed phenomena.
Methods
Intracardiac electrophysiologic studies were performed as previously described"4 after the nature of the procedure was explained to the patient and informed consent was obtained. Cardioactive medications were withheld for at least five halflives before the study.
This investigation was limited to patients lacking ventriculoatrial conduction, since retrograde concealed AVN conduction would neither be readily produced nor analyzed (with a sufficiently early subsequent anterograde input) in individuals with intact retrograde AVN conduction. Specifically, patients were included if and only if (1) ventriculoatrial conduction across the AVN was absent during incremental ventricular pacing and at long ventricular coupling intervals after an atrial drive, 15 6 (2) there was no evidence of either accessory atrioventricular pathways or discontinuous AVN refractory period curves, (3) an atrial basic cycle length could be identified that permitted successful accomplishment of the pacing protocols described below, and (4) 
(S2 omitted) FIGURE 1. Schematic representation of pacing protocols. In all methods there is an 8 beat drive (S,) of atrial (A) origin and constant SIS, cycle length. Before introduction of the S2 extrastimulus (originating from same atrial site as the basic atrial beats) there is an additional ninth basic paced beat (S ') of variable origin, as indicated in parentheses, depending on the particular method: atrial (A) alone, ventricular (V) alone, or A and V simultaneously. In all methods, SIS(' equals SISI. The timing of S2 or S,' in methods IV and V, respectively, is identical to that of the other methods. Thus, for any given S2 the SIS2 interval encompassing S,' is identical in methods I through IV. See text for additional details.
atrium alone (method I), right atrium and right ventriele simultaneously (method II), or right ventricle alone (methods III and V), or omitted altogether (method IV). SIS(' was always programmed to equal S lS,.The diastolic interval following S 'was scanned with an atrial extrastimulus beginning at the longest possible S 'S2 interval (i.e., such that S2 was not preempted by a sinus escape beat), which was then decreased in 10 msec decrements until the AVN effective (or atrial relative) refractory period was encountered. For any given S'S2 interval the same S2 was used with each of pacing methods I through IV (the order of which was varied in all case). Stated differently, for any given S2 the same SS2 interval (which equals S1Sl' + St'S2) was tested with methods I through IV (figure 1). S2 was omitted in method V, a pacing technique that was used at least once in all patients both to exclude "return" of ventriculoatrial conduc- 
All values are expressed in milliseconds. cond. = conduction; M = method of pacing (as described in text); AFRP = atrial functional refractory period.
ASince S 1' was omitted in method IV, each value in this column corresponds to an S S2 interval identical to that used with methods I through III (see figure 1 ).
BValues not shown if S I'S2 coupling interval is the same as that corresponding to S2H2 values already tabulated in columns immediately to the left.
CValues not shown if S'S, coupling interval is the same as that corresponding to S2H2 values tabulated in columns immediately to the left (patients 1 to S and 12) or if no shortest S I'S2 interval existed such that S2 conducted anterogradely across the AVN in each of methods II to IV (patients 1 1 and 13). On the other hand, in group B farther retrograde penetration by the concealed V,' impulse to more proximal AVN regions during method III might create a situation in which the favorable effect of distal preexcitation would be exactly counterbalanced, or even outweighed, by delayed (relative to method I) proximal activation and recovery. The net overall effect, then, would be one of equivalent or greater refractoriness (and magnitude of S2H2 delays) with method III vs method I. With dual excitation, however, only the distal (conduction-enhancing) but not the proximal (conduction-retarding) effects of the V,' impulse would be preserved because of a presumed collision of impulses. This in turn would result in less anterograde AVN refractoriness and conduction delay compared not only with method I but also with method III. In other words, the intranodal collision in method II would permit a "peeling back" of distal refractoriness (vs method I) and, concomitantly, would prevent proximal concealment by the V,' impulse that would otherwise have occurred with method III (figure 5).
Besides being consistent with the observed phenomena, our Postulation of different levels of retrograde AVN block is certainly reasonable in light of experimental parallels in the anterograde direction.2'-23 Nevertheless, the available data do not permit us to exclude categorically an alternative interpretation of the results, i.e., that retrograde AVN propagation of the V,' impulse before blocking was slower in group B than in group A; nevertheless block occurred at the same level in all patients. According to this scenario, subsequent anterograde AVN conduction would be "worse" and refractoriness more prolonged in group B during method III vs method I or II because of delayed arrival (relative to group A) of the V,' impulse at the putative universal level of retrograde block.
The two interpretations need not be mutually exclusive, however, since block might occur at more than one level and retrograde conduction velocity of the V ' impulse before blocking might differ from patient to patient. Interestingly, by either postulated mechanism, true collision of anterograde and retrograde impulses in method IL is implied in group B.
Unlikely alternative explanations. Although the mechanisms described above can account for the different group A and group B behaviors we observed, it is important to examine and exclude the possibilities that methodologic variables or particular anterograde AVN characteristics may have contributed to the results. For example, patient-to-patient differences in actual timing of retrograde (V,') AVN input relative to subsequent anterograde (S2) input, even if minor in degree, conceivably could have given rise to the differences between groups A and B. Specifically, for any given S,'S, coupling interval, delayed (vs earlier) retrograde AVN input of the concealed V,' impulse (subseqent to retrograde His-Purkinje activation) would permit less time for AVN recovery before anterograde activation by the test impulse (S2). As a consequence, AVN refractoriness might be relatively greater and conduction time (of the S2 impulse) longer than would obtain with lesser temporal proximity of retrograde nodal input to the onset of S2. The data in tables 1 and 2, however, suggest that such a hypothetical consideration was probably not an important factor in our study. This conclusion may be drawn by using the HV interval as an indirect (lower-limit) estimate of retrograde conduction time across an unstressed His-Purkinje system (SH interval).`5 According to this line of reasoning, it is apparent that retrograde AVN 13 Electrophysiologic implications. Concealed conduction is a concept that can help to explain various common and unusual electrocardiographic patterns.2 5 7 11 24The present investigation elucidates one facet of this phenomenon in a specific group of patients most likely to demonstrate concealed penetration of retrograde impulses into the AVN. Our results have several potential ramifications, although these cannot be proved conclusively from the results of this study.
For example, whereas previous clinical and experimental studies of concealed anterograde impulse propagation in the AVN have either implicated or demonstrated the existence of multiple levels of AVN block,2 5, 2225 our findings suggest that cardiac impulses in humans may encounter an analogous situation in the retrograde direction as well. Moreover, the type of electrophysiologic analysis we have used might serve as one method for unmasking different levels of retrograde AVN block in patients with absent ventriculoatrial conduction. Such a technique could be of value in light of the intriguing possibility that retrograde block at one particular level in the AVN may be more (or less) likely to occur or be reversed with a given pharmacologic intervention compared with block at another level.
Besides being of theoretical interest, these considerations might have relevance in determining which patients are more likely to have retrograde AVN conduction restored, e.g., in the presence of either diminished vagal or enhanced sympathetic tone. Indeed, dynamic reversibility of retrograde AVN block in patients lacking intact ventriculoatrial conduction has already been demonstrated26 and could well account for the unexpected occurrence in such individuals of "endless loop" tachycardia (in the setting of DDD pacemakers), antidromic reciprocating tachycardia (in association with accessory pathways), and even AVN reentry.27
